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Abstract 
Variability in retinal and geniculate processing rate that is dependent on stimulus properties 
suggests that some later process can put parts corresponding to the same retinal image back into 
register. This resynchronization process is called perceptual framing. Here a neural network 
model of emergent boundary segmentation is used to show that synchronized cortical activities 
can subserve this role. Psychophysical results about the minimum delay between two visual 
stimuli that leads to the perception of temporal order can be explained and replicated with this 
model. 
1 Introduction 
The image that impinges on the retina is continuously transduced into neural signals. Subsequent 
processing in the latera.! geniculate nucleus (LGN) occurs equally continuously. So long as all parts 
of the retinal image are processed at the same rate, this poses no problem. However, when the 
retinal image changes very quickly, for example during self motion or the motion of an object, 
then problems in processing can arise. The source of these problems lies in the fact that there is 
no guarantee that a.ll parts of the retinal image are processed at the same rate, and in fact large 
variabilities dependent on stimulus parameters such as contrast and spatial frequency have been 
observed in both the retina (Bolz, Rosner, & Wassle, 1982) and the LGN (Sestokas & Lehmkuhle, 
1986). Many real life images that we process in our lives contain a large number of different contrasts 
and spatial frequencies. How then does the visua.l system ensure that cortical representations of an 
image processed at any given time, for example for recognition, really correspond to the same retinal 
image'! Why do wrong correspondences occur only under extreme viewing conditions (Intraub, 
1985)? 
A simple passive process based on convergence of signa.ls in striate cortex does not suffice. 
Such a passive process could be based on slowly discriminating neurons in striate cortex, which 
is against current physiological evidence (Celebrini, Thorpe, Trotter, & Imbert, 1993). Another 
passive mechanism would be to have neurons with very fast time constants, which again is not 
supported by current data (Mason, Nicoll, & Stratford, 1991; Softky & Koch, 1()93). Hence an 
active process is required, and this process is called perceptual framing (Varela, Toro, John, & 
Schwartz, 1()81). 
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2 Perceptual Framing 
Perceptual framing is the process of binding together parts of neural representations corresponding 
to the same image that may have come temporally out of register due to early processing. A 
possible mechanism for this would be some clocking device. Here we propose that synchronization 
of distributed cortical activities can temporally realign out-of-phase image parts. It has been found 
that cortical activities synchronize in the cat and in the monkey when a stimulus is present in the 
visual field (Eckhorn, Bauer, Jordan, Brosch, Kruse, Munk, & Reitboeck, 1988; Gray & Singer, 
1989), even when the receptive fields of the units recorded do not overlap. 
A way to test this notion of perceptual framing has been to link it to the perception of si-
multaneity and of temporal order of two separate visual stimuli. Perceptual framing suggests that 
there is a definite nonzero lower bound for the time between two such stimuli that they be per-
ceived as sequential, rather than simultaneous. Indeed such a lower bound has been found (Hirsch 
& Sherrick, 1961 ). 
3 A model for perceptual framing 
Grossberg and Mingolla (1985a, 1985b) developed a model called the Boundary Contour System 
(BCS) for the generation of emergent boundaries by the visual cortex. This model was later adapted 
to show that cortical synchronization of neural activities does not require the presence of a central 
clocking mechanism (Grossberg & Somers, 1991). In the present study, we further develop and 
modify this model. There are two layers, one consisting of fast-slow neural oscillators (Ellias & 
Grossberg, 1975), and the other of bipole cells, that receive input to two separate lobes, in addition 
to receiving direct bottom-up input. In the present simulations, bipole cells fire if at least two of 
its three receptive zones are activated. The model is shown in Figure 1. 
Figure 1: The architecture of the model proposed. A layer of fast--slow oscillators is coupled via 
a layer of bipole cells. In contrast to previous versions of the model, there is a direct signal from 
each oscillator to its corresponding bipole cell which facilitates boundary completion. 
To test the model it was necessary to find out how much time difference between neural repre-
sentations of visual stimuli smeared out across time in the early processing stages (corresponding 
to retinal and geniculate processing) could be resynchronized. A summary of these simulations is 
shown in Figure 2. Representations as much as 10 ms offset cau be easily framed. In these simu-
lations it was assumed that a 5 ms visual pulse gets smeared out to 25 ms of geniculate activity, 
which agrees with the variability of LGN responses (Sestokas & Lehmkuhle, 1986). 
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Figure 2: The effect of perceptual framing. The abscissa indicates the SOA (in simulated ms) 
between two stimuli, and the ordinate gives the resulting time difference (in simulated ms) between 
peaks of activity in the internal representations of the two stimuli. 
To compare these results to psychophysical findings we transformed them to probabilities. From 
recent data (Maunsell & Gibson, 1992) it can be calculated that the standard deviation (J of the 
response onset latency in striate cortex within a single layer is about 6 ms. The probability that 
two neural events that are separated by t ms is then given by 
P(Perceive as two events) = cJ> ct(J) 
where <l> is the normal distribution function. Since identical stimuli were used in the simulation 
as in Hirsch and Sherrick (1961) the comparison between the two is most appropriate, and this is 
shown in Figure 3. The ftt is very close. 
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Figure 3: Accuracy of temporal order perception as a function of SOA. Comparison between 
experimental results and the model proposed. SOA indicates the time by which stimulus one (e.g. 
the "right stimulus") leads the other stimulus in a two stimulus presentation task. The ordinate 
gives the percent responses that stimulus one appeared first. Solid line: results from experimental 
study. Dotted line: results from simulation of the model. 
4 Simulations 
In the simulations of the model there were 64 oscillators arranged along a ring. Each oscillator 
consisted of two nodes each, one fast and one slow. The activity of the fast node is denoted by 
Xi, of the corresponding slow node by Yi· The index i denotes the position of the oscillator, and 
ranges from 1 to 64. Oscillators with indices differing by one are neighbors. Since the oscillators are 
arranged as a ring, units indexed by 1 and 64 respectively are also neighbors. This structure was 
chosen to avoid edge effects. Care was taken to ensure that input was sufficiently far removed from 
the wrap around position to avoid undesirable side effects. The input to the network is denoted by 
Ii and it is position specific. Associated with every oscillator there is a bipole cell, whose activity 
is denoted by Zi. The equations governing the oscillators are: 
dxi 
dt 
dyi 
dt 
~Axi + (B ~Xi) (C fo(Xi) + Cafo(Zi) + li) ~ Dxdo(Yi) 
E(xi ~ Yi) 
(1) 
(2) 
where the signal function fo is given by 
xno 
fo(X) = Q~o + xno (3) 
and A, B, C, D, E and a are parameters of the network. The parameters no and Qo determine the 
signal function of the oscillator. The equation governing the bipole cells is: 
(4) 
where 
[x]+ = max(x, 0) (5) 
and the bipole signal function is 
(6) 
Where P, P* and r,p/ are parameters. The parameters nb and Qb determine the signal function of 
the bipole cell. The kernels are given by 
1 w 
L1 = - Lfo(Xi-j) (7) 
w j=! 
1 w 
R1 = - Lfo(Xi+j) (8) 
w j=l 
C; = fo(Xi) (9) 
where w is the halfwidth of the kernel. The initial conditions of the network where chosen to be 
Xi = 0.2, Yi = 0.4, and z; = 0 for all i. The initial value of the slow variable is maintained by tonic 
input, which is quenched when an input comes on. Scaling of time was done by taking into account 
that the period of oscillations should be about 40 ms. Thus it was found that putting a timestep 
of 1 unit in the model equal to 1 ms yields good results. Thus the integration stepsize used was 
li = 0.1 ms. The parameters used throughout this report are A = 1, B = 1, C = 20, D = 33.3, E = 
0.05, a= 0.05, no = 4, Qo = 0.9, nb = 5, Qb = 0.006, P = 1, P* = 0.5, r,pl = 1, w = 6. Each node 
received a constant level of background activity (Ii = 0.2). Two nodes received an input (11 = 0.5). 
The first input (i = 30) comes at simulation onset, the second input (i = 34) comes on later by an 
amount specified with SOA. 
5 Discussion 
Perceptual framing can be modeled as the synchronization of cortical activities. Synchronization 
may play other roles than to define the coherent spatial patterns processed by short term memory. 
Long-term potentiation (LTP) is the change of synaptic efficacy due to pre- or postsynaptic activity 
(Bliss & Collingridge, 1993). LTP has been linked to learning. LTP occurs reliably when converging 
input is synchronized. Thus perceptual framing may subserve the additional role of providing 
synchronized activities for perceptual learning, which has been shown to occur rapidly, but to have 
long lasting effects (Karni & Sagi, 1993) In this broader context, synchronization sets up a resonant 
state that drives the learning process, as in Adaptive Resonance Theory (Grossberg, 1976). 
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